Maine State Library

Digital Maine
Transportation Documents

Transportation

11-5-2013

Research Outreach, Fall 2013 Newsletter, Volume 1, Issue 1,
November 5, 2013
Maine Department of Transportation

Follow this and additional works at: https://digitalmaine.com/mdot_docs

Recommended Citation
Maine Department of Transportation, "Research Outreach, Fall 2013 Newsletter, Volume 1, Issue 1,
November 5, 2013" (2013). Transportation Documents. 2207.
https://digitalmaine.com/mdot_docs/2207

This Text is brought to you for free and open access by the Transportation at Digital Maine. It has been accepted
for inclusion in Transportation Documents by an authorized administrator of Digital Maine. For more information,
please contact statedocs@maine.gov.

Research
Outreach

Fall 2013 N e w s l e t t e r
Volume 1 Issue 1

Maine Department of Transportation, Research Division, 16 State House
Station, Augusta, ME 04333
http://www.maine.gov/mdot/tr/ 207-624-3305

Carbon Fiber Cables Used In Fryeburg
Bridge Demonstration Project

Corrosion of steel components in reinforced concrete bridges is a big
concern, especially in Maine. The coastal environment, harsh winters,
and the use of roadway anti-icing chemicals contribute are factors that
can affect the service life of concrete structures. The search for costeffective non-corrosive products for bridge construction is important.
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“20% of the aggregate
blends undergo
significant
degradation, most
likely through
fracturing of the
aggregate.”

New innovative products could be another tool in the battle against
corrosion. MaineDOT did a demonstration project using a new product
made from carbon fibers. Carbon Fiber Composite Cable (CFCC) is noncorrosive and can be made into rigid bar and used as reinforcement.
CFCC is a cable made with carbon fiber and polymer composite. It is
light-weight, strong, non-magnetic, and non-corrosive and also has a low
thermal linear expansion coefficient. As a pre-stressing or post
tensioning strand it has relaxation properties very similar to that of
steel.
CFCC was used for the transverse post tensioning of the pre-stressed
concrete slabs on the Little Pond Bridge, in the town of Fryeburg Maine.
Due to the fact that CFCC cannot be field-cut to custom lengths the way

Asphalt Aggregate Durability

See CFCC on page 2

A recent study was conducted to confirm whether aggregate quality
could be a factor in premature hot mix asphalt (HMA) failure. In recent
years, it has been observed that some HMA pavements are failing
prematurely due to loss of aggregate material in the wheelpaths.
Researchers have hypothesized that aggregate degradation may be a
contributor to the premature failure of the HMA material. In the study,
aggregate samples from asphalt batch plants were subject to laboratory
tests to determine aggregate quality characteristics. The two alternative
analysis methods for Micro-Deval are utilized to measure the particle
size distribution change of test samples in the Micro-Deval test. The two
measures are used in order to quantify the degradation of the
aggregate that is not reflected in the AASHTO Micro-Deval loss value.
The influence of the test grading size on the results for Micro-Deval
testing was also evaluated. The area under the curve shows the
See Aggregate on page 2
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CFCC from page 1
that steel cable is used, a proprietary product was purchased that has
a section of steel spliced onto the CFCC. This proprietary method
requires minimal specialized equipment. Post tensioning voided slabs
and box beams can be done with the same conventional tools normally
used to tension conventional threaded bar.

Installing CFCC Tendons.

“There were no
significant problems with
construction of this
project. It proceeded in a
comparable fashion to
conventional posttensioning systems.”

On this particular project CFCC was only used for post-tensioning,
however a different type of carbon fiber product comes in shapes such
as rigid bars and stirrups that can be substituted for other bridge
reinforcing components. This could prove beneficial in highly corrosive
areas on bridges such as curbs, transition barriers and pier columns.
There were no significant problems with construction of this project. It
proceeded in a comparable fashion to conventional post-tensioning
systems. The project did require additional labor and extra care in
placing protective sheathing to prevent damage to the carbon strands,
which can be subject to abrasion. A plastic sheet was laid down
whenever the cable was laid out on the concrete deck, Special
precautions also were taken whenever the coils of CFCC were lifted or
moved.
The use of CFCC increased the overall cost of the bridge by almost 12%,
however this included a design modification that increased the posttensioning forces. Utilizing a slightly different design might reduce that
cost to around 3% for a comparable structure. Despite the increased
cost of this installation, the project furthered the Department’s
understanding of carbon fiber applications. The experience gained
through this project will advance the development and adoption of the
technology where feasible.
Aggregate from page 1
increasing fraction of smaller particle sizes after the Micro-Deval
test.

The durability measures were observed for individual aggregates to
evaluate the range in loss values. Individual coarse aggregate
sources in Maine were tested using both the Micro-Deval and the
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L.A. Abrasion test. A correlation was done between these tests. In
addition, two modified Micro-Deval analysis methods, were used on
the Micro-Deval data and compared with the AASHTO T 327 test
values.
Based on this study some initial conclusions have been made. The
Micro-Deval loss values did not correlate substantially with L.A.
Abrasion loss values. The wide range of Micro-Deval values and the
fact that 12.5% of aggregate blends that have greater than the 18%
maximum allowable HMA loss value, suggests that blending is being
done in order that the batches meet MaineDOT’s aggregate durability
specification. This may mean that a significant amount of poor
quality aggregate material may be causing aggregate breakdown
during construction and after placement on the highway. This could
potentially lead to the premature failure that Caption
has been
recently
describing
picture or graphic.
observed.

Alkali Silica Reactivity (ASR) in Maine Bridges

Alkali-silica reactivity (ASR) is a deleterious chemical reaction between the active silica constituents of
some kinds of aggregates and the potassium and sodium alkalis in the concrete. Most alkalis are
present in the Portland cement portion of the concrete, however other sources can be the
admixtures, pozzolans, and also the aggregate. The reaction forms a gel-like substance that can
migrate into the normal air voids in the concrete, thereby lowering the freeze-thaw resistance of the
strructure. The gel can create enough internal force to cause cracking, spalling, and sometimes
complete disintegration of the concrete. The factors determining the severity of ASR are very
complex, however the reactivity of the silica in the aggregate is known to be a major factor. In 2008,
MaineDOT joined with FHWA's ASR Development and Deployment Program, to try ASR mitigation
treatments for concrete in the Bangor-Brewer I-395 bridges.

A

m.

The arrows point to ASR.

Fiber Wrap on Bridge Column
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Treatments include silane sealers, elastomeric coating, lithium impregnation and carbon fiber wrap.
Completion of the lithium treatment and the FRP wrap was done in 2010 and the silane sealers, and
elastomeric coating was completed in the following year. The bridges that are part of this project are
located on the map below. A two year monitoring period has observed the treatments to determine
their effectiveness. Measurements of internal relative humidity and crack mapping are some of the
analyses that have been done. The results to date have been extremely promising. The project has
provided the MaineDOT Bridge Team with confidence that these treatment options can cost effectively
mitigate the ASR and extend bridge service life. A workshop presenting the complete monitoring and
analysis was completed in June. MaineDOT plans to continue monitoring the treatments in 2014.
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Moisture Induced Stress Tester (MIST)
MaineDOT has observed pavement aggregate loss at various locations that were paved relatively
recently. The aggregate loss study discussed earlier in this newsletter has provided some intriguing
results. A different research project focuses on another possible factor in the problem: asphalt
stripping. Hydraulic scouring, the effect caused by repeated generation of pore water pressure due to
traffic loading, is considered to be the leading cause of stripping in asphalt paving mixes. In
laboratories around the country different methods have been used to determine the moisture
susceptibility of mixes. The AASHTO T283 method, the tensile strength ratio (TSR) of unconditioned
and conditioned is used to determine the moisture susceptibility of the mixes. Another test method is
the Hamburg Wheel Tracking Test (HWT), in which HMA samples are placed in a water bath and a steel
wheel makes a specified number of passes over the samples and the resulting rut depth is measured.
Still another method is the Moisture Induced Stress Tester (MIST), a recently developed technology
that applies alternating pressure and vacuum cycles to submerged asphalt samples to mimic hydraulic
scouring by forcing water into and out of the pores of the HMA sample. Pre-conditioned values for bulk
specific gravity and indirect tensile strength of compacted samples as well as visual inspection of the
sample can be compared with post-conditioned values to determine the susceptibility of the HMA mix.

A recent study was conducted to differentiate six HMA mixes used by Maine DOT, using the latest MIST
technology and field cores. Half of the field cores were conditioned in the MIST. Before and after
conditioning visual observations were made, and the bulk specific gravity and resilient modulus were
determined using the CoreLok and ASTM D4123, respectively. The conclusions and recommendations
are that the procedure has the potential to indicate sensitivity of a mixture to stripping, and that
laboratory prepared mix-design samples with controlled air voids should be analyzed to better
understanding the MIST equipment.
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Innovative Coating for Steel Piles: An Experimental
Installation of Line-X System
Line-X coating is a tough, yet resilient polyurea-based coating system. It has been used for spray-on
lining for pickup truck beds because of its demonstrated resistance to chipping and de-bonding.
The product is being evaluated by MaineDOT to determine if the Line-X product is a longer lasting
and more durable coating for steel pipe piles than the traditional fusion-bonded epoxy coating that
we are now using. Steel pipe piles used by MaineDOT for bridge construction are typically coated
with a fusion bonded epoxy (FBE). FBE is a powder-based coating with properties similar to
traditional epoxies. Its name is derived from the process by which it adheres to a substrate. When
the hardener and epoxy react through heating, the coating takes a solid form as the chemicals are
cross-linked and bonded to the substrate. One of the major problems with the FBE coating is that
once cured it is brittle and tends to chip easily from handling during shipping, stockpiling, and the
driving process. Recoating and repair of the FBE finish in the field can take up to two hours to
complete. The Line-X Franchise Development Company of Huntsville, AL is a manufacturer and
franchisor of their patented spray applied protective coatings. The Line-X coating is a two-step
process using their FCP primer and XS-350 top coat which is a 100% polyurea elastomer coating. If
the polyuria-based coating system is shown to be more resistant to chipping, this could reduce
construction delays and might result in longer pile service life. This is one of the reasons for this
research. The bridge selected for the demonstration project is the Clay Hill Bridge (Bridge No. 2157)
that carries State Route 9 (locally: Western Ave.) over the Mousam River in Kennebunk, York
County, Maine. The project scope is total replacement of the existing structure.

The research portion of the project involved twelve spiral welded steel pipe piles, 24 inches in
diameter with a .0625 (5/8) inch wall thickness, which were constructed in conformance with ASTM
A252, Grade 3. The following is a schedule of piles at the pier locations. The top twenty-seven
feet of each pile was coated with the Line-X material.
Pier No. 1 Piles
Piles 2 through
Pier No. 2 Piles
Piles 2 through

1 & 6: 2 ~ 2’-0”
5: 4 ~ 2’-0” Ø x
1 & 6: 2 ~ 2’-0”
5: 4 ~ 2’-0” Ø x

Ø x 5/8” thick x 55’ long
5/8” thick x 52’ long
Ø x 5/8” thick x 59’ long
5/8” thick x 57’ long
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The cost for Line-X coating of twelve steel pipe piles was a lump sum total of $46,824.00, a
negotiated figure agreed upon between MaineDOT and Line-X prior to project advertising.
The cost included preparation of the steel piles, applying the primer and topcoat, adhesion
testing and having representatives on-site to perform repairs if needed. The cost per pile was
$3902.00 per pile, or $23 per square foot. The total includes costs that likely would not be
incurred in the future, such as having Line-X personnel at the jobsite in case repairs are
required. Additionally, in the future it may be possible to coat the piles in Maine to avoid some
shipping costs. The additional cost might be further reduced by utilizing a thinner film thickness
than the specified 125 mils. Due to our lack of experience with this material for this application,
it was felt that the 125 mils would provide a margin of safety. Specifically, there was concern
that the coating would suffer wear and abrasion during the transporting, handling, and driving
process. That concern was not warranted as that did not happen. The photo at right below
shows the top portion of the pile where the gray top coat has been removed using a chipping
hammer to allow the lifting clamp to get a better grip. The primer layer is exposed showing
good adherence to the steel pipe.

Piles In Place and Cut to Length

Topcoat Removed to Allow for Lifting Clamp

Initial comments were favorable from project personnel regarding the Line-X coating, pertaining
to the apparent toughness and aethetics of the coating, throughout the duration of the project.
None of the Line-X coating material received significant damage or required repair on any of the
pipe pile surfaces. The pile project will be evaluated by the Transportation Research Division
over a five-year period for durability, aesthetics, and cost-effectiveness. A final report will be
published with results of this study.
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Fiber Reinforced Polymer Piles Used at Ferry Terminal

Fiber reinforced polymer (FRP) composite materials can sometimes provide innovative solutions, as
compared to conventional project materials. This was demonstrated on a 2012 pier replacement
project at an aging wooden pier at the ferry berthing terminal at Little Diamond Island in Casco Bay
near Portland Maine. The project consisted of rebuilding the pier by driving, fitting, and connecting
timber piles, and heavy timber structural framing members. The project was in Casco Bay, a very
active harbor. The contractor was required to do all work in such a way as to minimize the impact
on of the various harbor activities. The project was contracted on December 2011 and the work
needed to be completed by April 22, 2012. This aggressive schedule was necessary to minimize
impact to the island population and businesses. The scheduled construction window was necessary
to avoid disruptions to existing passenger and freight service. The terminal at Little Diamond Island
had to be in place and functioning for the Casco Bay Island Transit District to commence summer
operation.
The pier required fender piles placed strategically to absorb impact from vessels and to prevent
damage. The image below is a profile view from the project plans that shows a fender pile in
relation to the passenger ramp.
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Soon after the contractor was secured, a problem arose. The wooden Greenheart piles normally used
for fender piles could not be shipped to the United States to meet the construction schedule.
Greenheart (Ocotea rodiaei) is an American tropical hardwood tree that is very resistant to decay and
marine organisms. The idea of using composite piles, supplied locally, and more readily available,
appeared to be an attractive solution to the supply problem; moreover it provided a good opportunity
to have a side-by-side comparison of the composite and timber piles.
The FRP piles substituted were 11.25 inch diameter, 5 ply, hollow piles, having similar properties to
wooden piles with somewhat greater deflection, (less than 10% greater). The piles also have a heavy
duty abrasion resistant sleeve, 0.75 inch thick. An engineering analysis confirmed that the FRP piles
met the requirements for likely berthing forces, deformation, fixity, and impact elevations. The analysis
showed that in both energy absorption and maximum reaction the FRP piles were more than sufficient
to replace the Greenheart wooden piles.
The project was bid at around $890,000. The project as-bid required 550 lineal feet of 12 inch diameter
Greenheart fender piles at a cost of $22,000. The FRP composite piles cost $4000 more than
Greenheart. Despite the increased cost of this installation, the project furthered the Department’s
understanding of the requirements of using composite piles. In addition, the project will provide an
opportunity to observe the performance of composite piles compared to wooden piles over the long
term.

Remote Sensing Research for Spring Load Restrictions

Recent research has been underway to explore a more cost effective method for predicting and
applying Spring Load Restrictions, or Road Postings as they are commonly known. This research
is being led by University of Massachusetts with the help from MaineDOT and New Hampshire
DOT. The two-year pilot project is being funded by the US Department of Transportation
Research and Innovative Technology Administration (USDOT RITA). As part of this project, there
are two pilot locations on Maine roads that have temperature and moisture monitoring sensors in
the road bed.
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At these sites there are communication devices that transmit data automatically through
satellite radio and cellular transmission to a database at the university for further analysis and
mathematical modeling. This information is being made available for decision support for
MaineDOT on a website. The chart below shows the temperature at one site, at several depths
below the surface, through the winter season. This research is starting to show promise on an
improved method to minimize the economic disruption caused by road posting. The cost to
MaineDOT for this project is minimal due to the Federal and academic sponsorship. In addition,
the results of this academic partnership is a win-win. There is technology transfer between the
university and DOTs, expanded knowledge in critical subject areas, improvement in empirical
based models, as well as field experience for students that may become future industry
leaders.
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